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RESEARCH MEMORANDUM

THE PATH AND MOTION OF SCALE MODELS OF JETTISONAELE NOSE
SECTIONS AT SUPERSONIC SPEEDS AS DETERMINED FROM
AN INVESTICGATION IN THE LANGLEY
FREE-FLIGHT APPARATUS

By Lawrence J. Gale
SUMMARY

An investigetion has been conducted on models of two different
designs of Jettisonable nose sections whereln the nose sections have besen
projected at supersonic speeds (Mach mumber ranged from 1.2 to 1.4} in
the Langley free-flight apparatus. Both nose designs in the original
unstabilized (without-fins) condition turned away from a nose-first
flight attitude and calculations indicated that a pilot within corre-
sponding full-scele nose sections would encounter lsrge accelerations
(12 negative g for 0.01k second for one nose design and 26 negative g
for 0.013 second for the other) as a result of this instasbility. Both
mose designs with fins Instelled appeesred steble, snd calculations
indicated that the equivalent motion in a corresponding full-scale nose
section would not subject the pilot to large accelerations (6 trans-
verse g).

INTRODUCTION

One of the problems confronting airplane designers of high-speed
aircraft is safe pilot escape in an emergency. The conventional method
of escape utilized from low-speed aircraft gppears impractical in air-
plenes flying &t supersonic speeds. A method of pilot escape from high-
speed aircraft now being considered is that of Jettisoning the nose
section of the airplsne in which the pilot is seated.

On the basis of results of low-speed investigations (references 1,
2, 3, and unpublished data), it has been determined that jettisonable nose
sections not stablilized with fins will turn away from a nose-first flight
attitude when released from an alr¥plane. The size fins required to
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stabilize various nose sections at low speeds has been determined (ref- -
erence 1). In order to verify the unstable tendencies of nose sections,

to check the stebilizing properties of fins when nose sectlions are

Jettisoned at supersonic speeds, and to determine whether the motions

of the nose Jjettisoned at such speeds will cause large accelerations on

the pilot, an Investigation has been conducted in the Langley free-flight
apparatus on two typical jettisonable nose sections, each with and without
stabllizing fins, The nose sections were projected at Mach numbers

ranging from 1.20 to 1.40.

Although the bresent investigation is concerned only with stabili-
zation of a nose section at supersonic speeds, other test results '
(references 2 and 3) have shown that the separation of the nose from

the remainder of the airplane can also present a serious problem and
must be glven serious consideration.

SYMBOLS

t time, seconds

Cgs Cl, C2 coefficients for cubic equation

8 distance, feet

W weight, pounds

a . acceleration at center of gravity, feet per second2
g gravitational acceleration, feet per second?®

m . mass, slugs

air density, slugs per cublc foot

A . . rcross-gectional area of model at break-off station
(figs. 1 to 4), square feet '

v Flight velocity, feet per second

F force, pounds

Iy, Iy, I; moments of inertia sbout X, Y, and Z body axes,
respectively, slug-feets - '

i . linear dimension, feet
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R scale ratio, ratio of any dimension of full-scale nose
section to corresponding dimension of model nose section

r distance from the center of gravity of a nose section to
pilot's heed (figs. 1 and 2)

M Mach number

(e angular velocity, radians per second

o] angular velocity in pitch, radians per second

retio of velocity of sound at given altitude to velogity
k'S
of gound at sea level (alt

Vo /ye1
cp drag coefficient
Subscripts:
s full-scale
m model
alt altitude
o sea level

METHODS AND APPARATUS

Apperatus, Testing Technique, and Reductlion-of Data

The Langley free-flight apparatus 1s a tank 100 feet in length
and 8 feet in diameter containing alr or other test gases through
which models are projJected at high speeds by means of a catapulting
mechenism. Precise records of the model time-space coordinates are
made. Spece values are determined by the use of cameras mounted
at 10-foot intervals along the length of the tenk and by the use
of shadowgraph apperatus located between some of the cameras. Time
values are determined by the use of a thermostatle crystal-controlled
osclllator which controls timing marks on & cathoderay oscillograph.
This oscillogreph is photographed by a high-speed camsra. At each
camere. gtation, two exposures on each film are made as the model
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crossesg the fleld of the camera, so as to increase the number of
time-space coordinates available for calculations of Mach mmber
" and drag ccefficlents.

When the models are proJjected, they are guided the length of the
catapulting mechanism by means of a balsa cradle; this cradle quickly
separates from the model after the model leaves the catapulting
mechanism and is considered to have no effect on the subsequent motion
of the model. :

F

. For each test flight a quadratic equation of the form
t =co+cy8 + 0282

is fitted to the space-time coordinates, for all positions in which the
model is detected, by the conventional least-squares methods (refer-
ence 4).

The drag coefficient of the nose section in flight can be obtained
from the equation

- 2Wa,
gRAV2

where V is the first time derivative of s, and a 1s the second.
That is '

Ve —Xl
cy + 2c23

-2 co
(cq + 2c28)3

a =

Models

The models used during the invegtigstion were scale models of
Jettisonable nose sections typical of those being incorporated into the.
'design of current transonic and supersonic research aircraft. The '
models were built and prepared for testing by the Langley Laboratory.
Eight models were built, four of each of the two nose designs considered
in thie investigation. For each design two models were constructed
without stebilizing fins and two were constructed incorporating .
stabilizing fins. The models of each nose design constructed without
fins will hereinafter he referred to as models 1 and 2 and the
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corresponding designs with fins instelled will be referred to as
models 3 and 4. The fins installed on models 3 and 4 were curved to
the contour of the nose section so that on a full-scale nose section
they might be retractable. The size fins used were those found
necessary to stebilize the nose sections at low speeds (reference 1).

Drewings of models 1, 2, 3, and 4 which represented each of the
two types of nose sectlons, both with and wlthout stabilizing fins
installed, are presented in figures 1 to 4 and photographs of the
corresponding models sre presented as flgures 5 to 8. The scale of
the models tested varied from 1/l9 to 1/10 depending upon the design
and upon whether fins were installed. The different scales were
selected so as to obtein models of the maximum size that could be
successfully proJected in the Langley free-flight apparatus, larger
models generally enhsncing the probsbillity of obtaining film results.

As indicated In the section entitled "Anslysis," the ratio of the
density of a full-scale section to the air must be the ssme as the
retio of the density of a corresponding model to the air. The models
without fins installed were ballasted with lead weights to obtaln
dynamic similerity to corresponding full-scale Jettisonable nose sec-
tions at a desired test altitude.of 15,000 feet. As indicated previ-
ously, the models on which fins were Incorporsted were smaller than
those without fins, and when these models were constructed, their
structural weight exceeded the desired weight for testing to correspond
to & full-scale design at an equlvalent altitude of 15,000 feet.

Model 3 was ballasted to represent a corresponding nose sectlon at an
equivalent test altitude of 50,000 feet and model 4 was ballasted for
an equivglent test altitude of 18,700 feet. This incressed their
respective desired weights for testing to values high encugh to permit
ballesting. The equivalent test altlitude of model 3 was considerably
higher than that of the cther models because of its extremely small
size and associated difficulties in distributing ballest. The welght
of the stabillzing fins was included in the desired weights of models 3
end 4. Table I is a presentation of the mass characteristics of the
models (given in terms of full-scele values).

Analysis

The equations used in converting model test results to those that
would be obtained with a corresponding full-scale nose are herewlth
presented. Theories of dynamic similitude presented in reference 4
have been modified to apply to models when (1) the Mach number for
the model is equal to the Mach number for the full-scale nose section,
and (2) a small effect of gravity on the model for a short-time
period of model action is neglected.
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As pointed out in reference 5, in order for dynamic similitude to
exist between a model and a full-scale section, the ratio of the full-
scale serodynsmic forces to the model aerodynsmic forces must be equal
to the ratio of the full-scale inertis forces to the model Inertia
forces, as Indicated in the following equation:

Fes _ 1rs2Vrs> Ofs _ Ifgafg _ (1)

Fn 12,2 Pm  Tn®m

L . -
It should be noted that the term £s was omitted in reference 5
P . .
because —fs ‘wa.s assumed to be equal to one. Imasmuch as Mpg = My,
veloclities obtained experimentally at sea level must be multiplied

by K ( Velocity of sound at altitude
Velocity of sound at sea level

et test altitude., This correction is necessary because of the fact

that the speed of sound at sea level is greater than the speed of sound

)in order to obtaln velocilties

1
obtained as the altitude is increased. Let TEE'= R. Substitution
ie : Veg ' m
of 'znTs =R and 3o =K in equation (1) results in
i P

R2K2 Pfs _ Ifs®fs

or
0 .
ﬁ = m_m__ R2K2 _£§ (2)
am mfg Pm

In order to determine the relationship for acceleration between
the model and the corresponding full-scele section from equation (2),
it is necessary to determine the relationship existing between the
corresponding mass terms. :

As indicated in reference 5, in order that both model and full-
scale section have gimiler motion, they must have similar helix angles.
That is

mfszfs mmzm (
= 3)
Veg Vm '
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Then, since == = and -— =R,
o = 5

Since centripetal acceleration is aPl

.

2y -2 2
lrs“VrsPra _ TpgPps™lrs

i S Y

Then

mﬁ:R3pfi
B Pm

It can be seen that equation (6) expresses the necessary

(&)

(5)

(6)

condition

that the ratio of the demnsity of a full-scale section to that of air
equals the ratlo of the density of the corresponding model to that of

air, since

Ofs - _Om
pfszfs3 pm;ma
or
Ofs _ g3 Pfs
b Pm

Substituting for the mass term in equation (2):

8fs = |
Similarly, other relations are:
R
trs = tmg

P
Ipg = IR’ f

(7)
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RESULTS AND DISCUSSION _ -

As mentioned previously, two models were built of each design and
configuration. Both sets of results are presented for model 1, the
second set being referred to as results for model la. Only one set of
results was obtalned for model 2 and for model 4 because the alternste
firings of these models were unsuccessful. Two sets of results were
obtained for model 3 but because of their similarity only ocne set is
presented herein.

The results of the present investigation are presented in figures 9
to 14 in the form of photographs of the models in flight taken at
various statlons along their flight path. Table II is a presentation
of measurements accurately locating the model in each plcture, a timing
record, and results of calculations made to determine the Mach number
at the points at which the photographs of figures 9 to 1k were obtained.
The letter "a" adjacent to each stetlon number on table II indicates
the first exposure on each film, and "b" the second exposure (if one .

were obtained). These measurements and calculations are believed to
be accuraete to 1 percent, . . S ,

Figures 9 and 10 indicate that models 1 and la, which were identi-
cally similar and had no stabilizing fins, were unsteble. Model 1
pltched up when projected and model la pitched down when proJjected; the
rate of pitch of the models appeared to be practicaelly the same in each
case. Calculations made for model 1 to determine the largest accelera-
tions which would act on a pilot during the flight of a corresponding
airplane nose indicate that due to the pitching motion which between
stations 4b and 6a was epproximately a 63° rotation (from 12° to T5°
incidence) in s period of time of 0.135 second (full-scale at 15,000 ft

altitude) there would occur a full-scale centripetsl acceleration q2r
of approximately 4.3g. The component of this acceleration acting along
the backbone of the pilot would be approximatelg 3.3g. Between stations
6a and 6b, the nose pointed up approximately 75° to the direction of
flight and, due to the associated drag rise, the linear acceleration
acting along the backbone of the pilot in a corresponding airplane nose
at an altitude of 15,000 feet would be 12.1g for 0.01% second. For the .
case (model 1) in which the nose turned up, the corresponding accelera-
tion on a pilot sitting erect would be positive and could probably be
withstood. If, however, it noses down as 1t did for model la, the
acceleration would be negative. Reference 6 indicetes the possible
danger of such a negative acceleration although it hes been indicated
that recent experience by the Alr Force points to the possibility that
man's tolerence of negative acceleration may be greater than the limits
shown in reference 6. The time history of the forward movement of
model la appeared to be generally similar to that of model 1 and is not
presented in tabular form.

e 2
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When model 2, the other nose section without fins, was projected
In the Langley free-flight apparatus, it too turned awsy from & nose-
first flight attitude (fig. 11). Calculations indicated that although
the centripetal acceleration due to rotation of a corresponding full-
scale nose section would not be large, the deceleration along the
flight peth associsted with the drag rise when the nose turned awey
from & nose-first attitude would again be large. For example,
between stations Lta and 4b the nose pointed down approximately 90° to
the flight path, and a pilot in a corresponding full-scale nose section
at 15,000 feet altitude would undergo a high negative acceleration
of 26.4g for a period of time of 0.013 seconds. It can be observed in
figure 11 that model 2 started to disintegrate at station 5, probably
because of faulty model construction.

When models 3 and 4, the fin-stabilized versions of models 1 and 2,
respectively, were prolected in the Lengley free-flight apparatus, they
were quite stable in flight as indicated by figures 12 to 14. Filgure 13
1s a shadowgrsph of model 3 in flight end shows the flow pattern around
the stabilized nose. The acceleration a pilot would receive in a stable
full-scale noge section would act transversely where the human tolerance
to acceleration is greatest. Calculations indicated that the corre-
sponding motion in the full-scale nose section would not subject the
pilot to large accelerations (approx. 3.5g full-scale for model 3 and
approx. 5.9g full-scale for model U based on stations midway in the
free-flight apparatus). It i1s felt that the rather large descent of
model 4 in flight as compared with model 3 was caused by the fact that
one or more of the fing of model & may have been damaged in launching.
The drag coefficient obtained for model 3 was 0.943 at a Mach number
of 1.199 and for model L4 the drag coefficient obtained was 0.603 at a
Mach number of 1.177. Calculations of drag coefficient were not made
for the unstable nose sectlons because an accurate ‘enough time and
engular displacement history of the rotation of the nose was not obtained
to permit accurate calculations.

CORCIUSIONS

The resgults of the present investigastion In which scale models of
Jettisonable nose sections of current research alrcraft were projected
et supersonic speeds in the Langley free-flight apparatus indicate that
unstabilized nose sections will turn away from a nose-first £flight
attitude, and calculations indicate thet a pilcot within a corresponding
full-scale nose section may encounter large accelerations a&s a result
of this instability. When nose sections are stabilized with fins, they
will continue in e stable nose-first attitude and celculetions have
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indicated “that the corresponding motion in the full-scale nose section
would not subject the pilot to large accelerations.

Langley Aeronauticgl Laboratory

National Advisory Committee for Aeronsutics
Langley Air Force Base, Vs.
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TABLE I.- MASS CHARACTERISTICS AND EQUIVALENT TEST ALTITUDE OF
MODELS OF JETTISONABLE NOSE SECTIONS INVESTIGATED IN THE
LANGLEY FREE-FLIGHT APPARATUS

ﬁﬁoiel values converted to corresponding full-scale values;
moments of inertia are given about center of gravitj] ’

Moments of inertia
Model” Wﬁ%"' (slug-£t?) B eh iﬁiﬁ‘éﬂe =
Ix Iy Iz (£x)
1 727 27.1 8L.2 TL.7 15,000
2 977 2h.1 | 129.3 | 126.0 15,000
3 1019 48.8 60.7 60.7 - - 50,000
L 1062 55.k | 182.7 | 185.5 18,700
~ B
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FREE-FLIGHT APPARATUS

Displacement of nose point fz-m e '
gtation end of mtnpt(ﬂr.:ri.us nechanlen (aec) Mach munber Photograghs presented in rigure
Mosel 1
ls 8.731 . 0.0000 1.3%T
1 .11.90% ) 0022 1.332
2o 21.226 .0085 1.290
- hq.us . ’ L0219 1.223
4 ¥.689 ) L0231 1.20T - e
Sa 50.715 . L0299 1.173
a 58.165 . .0359 1.187
. 6b '59.68% . 0372 1.1
Speed.orsoumm:ringtest,m5ﬁperaec. .
Model 2
1e 8.902 . 0000 1.]8
1b 18,148 0021 1.381
o £0.336 ’ 00TT 1.297
&b 21.376 .go8h 1.2801 o
ka 39.98L o217 1.132 .
kb 11.365 0228 1.122
. Sa 49433 ’ 0296 1.067 .
%o 50.361 . 0303 1.060
Spead. of eound &uring test, 1134 £t per sec. :
Model 3 )
la B.366 _ ‘ .000Q 1.237 7 ' 1
1b 1145k .0022 1.231 :
2a 20.105 0083 1.21% } 2
£ 20.649 L0051 1.e18
ghasdowgraph 23958 .0113 1.207 13
3s 28.%28 .a1ks 1.199
Le 39.969 .0231 1.178
kb 41,661 - 1.17% - ’
Sea 47.949 L0291 1.16k 2
i = . s ' .oxe 1.159
Bpeed of soumd furing tesd, 1132 £t per sec.
Model &
1a B.56h L0000 1.e2T
1b 11.620 : 0022 1.220
2a 20.179 . 0085 1.200 ;
3a 2B.472 LQINT 1.182 ..
b 30.703 .016% 1177 T
ka 37.729 LQ2LT 1161
kb 11.095 L02%2 135k
. o o | o J ~mET

ppeed of aoumd dnring test, 1127 4 per sec.
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Flgure 1.- Drawlng of lid-aéale model 1. (Pilot's head in a corregponding full-gssale nose mection
located 1.34% £t eft and 1.60 £t above center of gravity.)

€T




_Locaiion of
. pilot’s head

e 10.18" ' >
e— 6 /

2,10"

Breakoff
station
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Figure 3.- Drawing of —-scale model 3.
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Figure 5.- Photograph of model 1.
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Figure 6.- Photograph of model 2.
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Figure T.- Thotogreph of model 3.
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Figure 8.~ Photogreph of model 4.
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Station L Station 5

Station 6
L-630L1

Directlion of travel

-€

Figure 9.--Motion of model 1 when projected at supersonic speeds in the
Langley free-flight apparatus. (Camera at station 3 failed.)
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Station 2

Station 3 : ' Station &

Station 5
L-630}2

Direction of travel
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Figure 10.- Motion of model 1ls when projected at supersonic speeds in the
Langley free-flight gpparatus..
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Station 4

Direction of travel 1.-63013

Figure 11.- Motion of model 2 when projected at supersonic speeds in the
Langley free-flight apparatus. (Camera at station 3 failed.)
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Statlion 1 Station 2

Station 3 Station 4

Station 5
L-630l)

Direction of travel

-

Figure 12.-~ Motion of model 3 when projected'at supersonic speeds in the
Langley free-flight apparstus.
e d
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Figure 13.- Shadowgraph of model i in flight. Msach number, 1.21.
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Station 3 Station 4

Station 7

Direction of travel

3

-

Figure 1b.- Motion of model & when projected at supersonic speeds in the
Langley free-flight apparatus. (Cameras at stations 5 and 6 failed.)

NACA-Langley - §-23-50 . 200



Il

NASA Technical

176 014

[T ="



